Results of several experiments (e.g., Jones & Holding, 1975) have suggested that McCollough effects <MEs) decay little, if at all, in the absence of testing. We attempted to confirm these reports in a paradigm different from that used in previous work. The earlier findings did not generalize to our methodology: MEs measured some number of hours after induction were similar regardless of whether an initial test had been administered previously. We discuss possible explanations for the discrepancy between our results and previous findings. We speculate that a key methodological feature is the luminance of the test pattern.
induction stimuli will cause MEs to decay unusually rapidly (Skowbo, Gentry, Timney, & Morant, 1974) .
Because assessment of the presence or magnitude of MEs entails having subjects view achromatic patterns, repeated testing might be expected to facilitate rapid decay. Jones and Holding (1975) designed an experiment to test this hypothesis. They compared ME decay in a group of subjects tested at five intervals (0, 8, 24, 56 , and 120 h after induction) with decay in five other groups, each tested for the first time at one of these intervals. MEs were assessed via a nulling technique-subjects rotated a color mixer, through which the test slide was projected, until the white portions appeared as colorless as possible. The median of three adjustments was taken as the index of ME strength. Although the repeated-test group showed a linear decrease over the geometric time intervals, the time-elapse groups showed little decay. Results of subsequent studies were not consistent with these fmdings, however. According to Favreau (1979) and White ( /1977 MEs do not show more rapid decline with repeated testing. Shute (1979) reported that increasing the intertest interval by a factor of three was not associated with more rapid loss, but also expressed the opinion that very frequent or very infrequent testing could accelerate or slow decay.
The delayed-test groups in the Jones and Holding (1975) experiment were, indeed, tested very infrequently-not at all until the end of the delay period. When the first four delayed-test groups were retested at 120 h, however, none of the retest means were significantly greater than zero. Because the MEs had decayed very little until the delayed initial test, but showed a substantial decline at the 120-h retest, Jones and Holding speculated that "a single prior test may be sufficient to begin the decay process" (p. 326). Jones and Holding reported additional data collected at even longer time-elapse test intervals, which ranged from about 10 days to nearly 3 months. MEs at approximately half strength or better were measured at all delay periods.
In a subsequent paper, Holding and Jones (1976) described an experiment designed to investigate the nature of delayed ME decay. In that study, initial time-elapse tests were made at 4, 24, or 96 h after induction. The assessment technique was the same as in the previous paper; subjects were exposed to the test slide for approximately 15-45 sec in all. The results of tests made at the 24-and 96-h delays were significantly lower than the results of tests at 4 and 0 h (the latter data point was reproduced from the 1975 study), but the plotted means of all three time-delay tests fell well above the decay function of the repeated-test group from the 1975 experiment. Results of additional tests made after the delayed first assessment suggested that the first test initiated a decay process similar to that occurring with repeated testing. Shute (1979) also reported some data on the effects of delayed initial tests. In one run, the ME was induced binocularly; one eye was tested immediately afterward, and the other, 36 min later. At that time, greater decrement was found in the eye that had been tested immediately. In another run, both eyes were tested, but the test was delayed until 1 h after induction. The decrement was described as about half what it normally would have been. Shute described the ability of MEs to remain relatively intact, beginning to decline substantially only upon the presentation of the test stimulus, as the most significant feature of MEs.
However, there is evidence in the literature that MEs do not always decay following initial testing: as noted above, work by MacKay and MacKay suggested that the effects do not decay in the absence of retinal stimulation. In their 1977 study, after induction and initial measurement of MEs, one eye was covered for 24 h while the other eye was tested periodically. Tests made upon removal of the eye patch indicated that the ME had not diminished in the preceding period; it then did begin to decay in a fashion very similar to that shown by the effect in the other eye the previous day. Evidently, then, delayed testing is not a necessary condition for prolonged ME storage, although it may be a sufficient one.
We agree with Shute (1979) that storage of the ME in the absence of testing would have strong theoretical significance. However, we believe that some of the data described above were not strong tests of the hypothesis that such storage exists. The data Shute reported were obtained in only two sessions with the same subject. In evaluating these data, particularly that from the second run, we note that day-to-day variability in MEs is often high (see, e.g., Skowbo & Rich, 1982) , and so a comparison between a single induction and an average or typical run may not be reliable.
The Jones and Holding (1975) experiment did not specifically test the hypothesis that a single test initiates decay; rather, this proposition was offered as a possible explanation for the results of the experiment. The focus of the Holding and Jones (1976) study was the decay that followed delayed tests. Although differences among the various group means did suggest an effect due to initial testing, no comparisons were possible between conditions equivalent except for the presence or absence of a single previous test.
We decided to test this hypothesis in a paradigm involving within-subjects comparisons between (1) tests administered for the first time after a delay and (2) tests administered for the second time after the same delay, a prior test having been made immediately after ME induction. If the Holding and Jones findings generalized to our paradigm, then a subject tested immediately after induction and then again at, say, 6 h would show a weaker ME than the same subject tested for the first time at 6 h after induction.
EXPERIMENT 1 Method Subjects. Four females and four males participated. Results of the Farnsworth-Munsell loo-Hue Test indicated that each had colordiscriminating ability in the superior range. Before the experiment began, each was given practice in matching weakly saturated hues with the color-mixing device described below. Five of the subjects had never acquired MEs, two had seen an ME in a classroom demonstration several months before the experiment began, and one had been a participant in an ME experiment 2 years earlier.
Apparatus and Stimuli. The subjects sat facing a piece of acrylic rear-projection material mounted on a black background; induction and test patterns were projected onto this surface. All stimuli were circular, with a diameter of 21
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Induction slides were constructed from 1.75-cycle/deg gratings and one of two Kodak Wratten filters, either No. 53 or No. 32. A neutral density filter (Wratten No. 96) was used in conjunction with No. 32 to make the luminances of the two induction stimuli more nearly equal. The space-averaged luminances of the green and magenta patterns were, respectively, 28 and 26 cd/rn", An achromatic homogeneous stimulus used for light-adaptation purposes had a luminance of 1.5 cd/m", The achromatic test stimulus consisted of a vertical grating on the top half and a horizontal grating on the bottom. In its center was an unlined circular area 7 0 in diameter. A homogeneous field of variable chromaticity was projected onto this portion ofthe screen; subjects adjusted its appearance to match that of MEs visible on the surrounding gratings. The source of this field was a projection colorimeter modeled after a design by Riggs (1964) . It mixed light transmitted by two Kodak Wratten color-compensating filters (No. CC30M and No. CC5OG) . The proportion contributed to a particular match by each filter is used to locate the mixture in C.LE. space. In our particular system, all combinations made by these two filters lie along a straight line connecting two points with the coordinates x = .407, Y = .454 and x = .421, Y = .350. The luminance of the homogeneous central area was I cd/m", and the space-averaged luminance of the lined surround was .6 cd/m" (lowluminance test patterns are associated with strongest assessed MEs; see .
Procedure. Subjects began each session with I min of light adaptation, after which the test stimulus appeared. In order to determine whether residual effects from previous sessions were present, the subjects were asked to comment on the appearance of the test slide and to match, in ABBA sequence, the appearance of the vertical and horizontal lined portions. Next, the subjects viewed the induction stimuli, one oriented vertically and the other horizontally, alternating every 10 sec for 10 min. If the condition involved no immediate test, the subject left at that point. If the condition did require an immediate test, the subject viewed the light-adaptation slide for 1 min and subsequently matched the test stimulus once again as previously. The amount of time required to make these four matches varied somewhat from subject to subject; a typical duration of exposure to the test slide was approximately I to 1.5 min. Delayed tests involved the same light-adaptation Because subjects participated only once in each cell of the design of Experiment 1, we were concerned that session-to-session variability might have concealed a weak, but systematic, effect due to test schedule. We therefore decided to repeat a portion of Experiment 1 with multiple observations per subject in each cell. We reasoned, from results of previous studies, that, if an effect due to initial testing were present, it would be most likely to appear at one of the two extremes of the delay periods in Experiment 1: Shute's (1979) findings were obtained with delays of 1 h or less; the two experiments by Holding and Jones, on the other hand, revealed greatest effects at delays of 24 h or more.
parisons, there were 17 instances in which the delay-testonly condition produced a stronger assessed ME than was observed in the corresponding immediate-plus-delay condition and 23 instances in which the effect was weaker in the delay-test-only condition. Figure 2 . Assessed ME strength for two subjects at 0, 3, and 48 b after induction. Units on the ordinate are the same as thole de8cribed
in Figure 1 . Bars along the absdssa at 3 and 48 h show ME strength in the conditions with and without an Initial test. The heights of these bars are meam of threesessioml, and the heightsof the CI'Ol'lll-hatched bars at time zero are means of six assessments obtained in the runs containing an initial test. Vertical Ones across the top of each bar show ± 1 estimated standard error from these means. 
Results
MEs were assessed by converting the mean of the two matches at each test orientation to C.I.E. coordinates; then a simple index of ME strength was taken as the distance in C.LE. space between loci corresponding to the two means. Residual effects from session to session were not observed for the most part, but did appear to be present at the beginning of 3 of the 80 sessions.
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Examination of the five immediate tests made by each subject indicated individual differences in initial strength of MEs. An ANOVA applied to these data did not yield a significant F ratio, however, so data from all the subjects were combined in order to present the results in a condensed fashion. Figure 1 shows the two test conditions at each timedelay period. Comparisons across time-delay periods show a fairly typical ME decay function, but there are no systematic differences within time periods associated with the presence versus absence of an initial test. Withinsubjects comparisons of ME strength in the two test conditions were made for all time periods. Out of 40 comand matching procedure. They were scheduled at 3,6, 12,24, or 48 h after induction.
Each subject participated in 10 sessions, 2 for each time delay. Of these two, one condition involved a test immediately after induction plus a second test at the end of the time period. In the other condition, there was only one test, administered when thetimeperiod had elapsed.
The order of the conditions was essentially random, varying from subject to subject according to each individual's schedule. The color/orientation combination in the induction stimuli was reversed in successive sessions. At least 4 days elapsed hetween sessions. Procedure. The procedure was the same as in Experiment 1. However, only the 3-and the 48-h time periods were used. Each subject participated three times in the two conditions at each time period, or 12 times in all.
Results
The strength index for MEs was calculated in the same manner as in Experiment 1. No residual effects from previous sessions were ever observed. Figure 2 shows the means of the three ME assessments for the two test conditions at the two delay periods. Data from the two subjects were not significantly different, but their assessments are shown separately in order to present these results in an uncondensed fashion. Again, as in Experiment 1, ME measures at time delays were not stronger when those measures were the first, rather than the second, assessments.
DISCUSSION
Results of our two experiments are not consistent with the results of Holding and Jones (1976) , Jones and Holding (1975) , and Shute (1979) . As noted earlier, Shute presented data from only two sessions, and no methodological details were given. Therefore, we limit our concern in this section to discrepancies between our results and those from the experiments of Holding and Jones.
A major methodological difference between the two paradigms is that we used repeated measures and they did not. In the Holding and Jones experiments, all subjects were previously naive to MEs and acquired an ME only once; testing then took place on one or several occasions following that single induction. In our experiments, however, the ME was induced in each subject a number of times. Holding (personal communication, September 26, 1984) suggested that our within-subjects comparisons might be confounded by prior treatments. In our opinion, there is little, if any, evidence that MEs show longterm carryover effects (see, e.g., Skowbo & Rich, 1982) ; but even if such effects did exist, it is unclear how previous exposure to MEs would prevent them from persisting in the absence of initial testing. The history of the subject would have to interact with the test schedule such that only naive subjects would retain MEs if an initial test was not administered. Despite our reservations about this possibility, we attempted to evaluate it by examining data from the five subjects with no exposure to MEs prior to the first session of Experiment I-by chance, the first session for all five had been a delay-test-only condition. We compared scores from these first sessions to the means of their various time-delay groups. In one case, the firstsession assessment was at the group mean, in two it was greater than the mean, and in two it was below the mean.
We considered a related possibility that naive subjects might show unusually long persistence of MEs regardless of the testing schedule. In a brief supplementary experiment, four naive subjects acquired MEs and were tested 5-6 h later on three successive occasions; for two of these four subjects, an initial test immediately after induction was also administered. However, there was no tendency for the first session to contain the strongest of the three time-delay MEs.
Further comparisons of the two paradigms reveal differences in several parameters known to affect the assessed strengths of MEs. For example, relative to their stimuli, our inspection patterns were higher in luminance and in spatial frequency. These conditions would be expected to induce stronger MEs in our subjects (see Stromeyer, 1972; , a tendency that would be offset somewhat by Holding and Jones's longer inspection duration (see Riggs et al., 1974) . The rate at which MEs decay depends on their initial strength (see Riggs et al., 1974; Shute, 1979) , and the net effect of these conditions might be a tendency for subjects in one paradigm to show a faster rate of decay, overall, than subjects in the other. By themselves, though, these different conditions do not explain why the presence versus absence of a prior test seemed to affect MEs within one paradigm but not within the other.
Holding and Jones also used relatively intense test patterns. The luminance reported for their achromatic stimulus was not only higher than that of our test stimulus, but even slightly higher than that given for their induction stimuli. High-luminance test patterns are associated with low assessed MEs . Also, postinduction exposure to high-luminance achromatic patterns has been shown to weaken MEs more than exposure to lowluminance patterns (Skowbo, 1979) . Thus, this test condition would have favored the hypothesis that repeated assessments could interfere with MEs. It might also help to explain why Holding and Jones observed substantial , declines after even a single test.
In the Jones and Holding (1975) paper, the proposition that testing initiated decay was inspired by discrepancies between several groups tested for the second time at 120 h and the group tested for the first time at 120 h. Comparisons among the various time-elapse conditions of the 1976 study also suggested that decay began after a single test. For example, subjects tested for the first time after 24 and 96 h had slightly stronger effects than subjects tested for only the second time at 8 h after induction. We do not know whether the effects of a fairly brief exposure to their test grating would be sufficiently deleterious to account for differences such as these on the basis of luminance of the test pattern rather than testing per se. However, has stressed that test pattern and inspection pattern luminances interact in their effects on ME assessments made over time since induction. We used a combination of high-luminance inspection patterns and low-luminance test patterns, whereas Holding and Jones used inspection and test patterns fairly similar in luminance, with values intermediate between our two extremes. Perhaps their particular stimulus conditions foster the generation of slowly decaying effects that are markedly subdued by testing, whereas ours favor relatively rapidly decaying effects which are not further depressed by testing. Further research is needed to clarify the interactions among these parameters.
In sum, we have found that MEs decay similar amounts regardless of whether or not they are tested immediately after induction. When low-luminance test patterns are used, testing does not appear to initiate ME decay. If MEs can beretained prior to testing, then they do so only within methodological constraints as yet to be specified.
